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We evaluated a new automated homogeneous PCR assay to detect toxigenic Clostridium difficile, the GenomEra C. difficile assay
(Abacus Diagnostica, Finland), with 310 diarrheal stool specimens and with a collection of 33 known clostridial and nonclos-
tridial isolates. Results were compared with toxigenic culture results, with discrepancies being resolved by the GeneXpert C. dif-
ficile PCR assay (Cepheid). Among the 80 toxigenic culture-positive or GeneXpert C. difficile assay-positive fecal specimens, 79
were also positive with the GenomEra C. difficile assay. Additionally, one specimen was positive with the GenomEra assay but
negative with the confirmatory methods. Thus, the sensitivity and specificity were 98.8% and 99.6%, respectively. With the cul-
ture collection, no false-positive or -negative results were observed. The analytical sensitivity of the GenomEra C. difficile assay
was approximately 5 CFU per PCR test. The short hands-on (<5 min for 1 to 4 samples) and total turnaround (<1 h) times, to-
gether with the high positive and negative predictive values (98.8% and 99.6%, respectively), make the GenomEra C. difficile
assay an excellent option for toxigenic C. difficile detection in fecal specimens.

Toxin-producing Clostridium difficile is the most common
cause of hospital-acquired and antibiotic-associated diarrhea

(1, 2). The main virulence factors of C. difficile are C. difficile toxin
A (TcdA) and C. difficile toxin B (TcdB), which are encoded by the
genes tcdA and tcdB, respectively (3, 4). In addition, a separate
binary toxin is produced by a small group of isolates with or with-
out TcdA and/or TcdB (5, 6), and it has been suggested that the
binary toxin may play a part in the recurrence of C. difficile infec-
tion (CDI) (7). As the role of the binary toxin in CDI currently is
not well understood, it has not become a common target for di-
agnostic assays.

CDI is prevalent in many hospitals and health care facilities
throughout the world. It is associated with increases in hospital-
ization times and mortality rates, leading to augmented health
care costs (2, 6, 8). In order to limit the transmission of C. difficile
and to decrease the burden of CDI, rapid reliable detection of
toxigenic C. difficile isolates and good infection prevention prac-
tices are required.

Cytotoxigenic cultures and cytotoxin assays are considered
standard diagnostic methods. These are sensitive but have several
drawbacks, including long turnaround times and labor-intensive
sample preparation and analysis, which limit their clinical utility
(9–13). An alternative approach is the detection of C. difficile tox-
ins or glutamate dehydrogenase (GDH) in stool samples by im-
munochromatographic antigen (IA) tests or enzyme immuno-
assays (EIAs) (14–16). These assays are rapid but are less
sensitive and less specific than toxigenic cultures. Moreover,
relying only on GDH detection reveals nothing about the tox-
igenic nature of the possible C. difficile isolates. To improve the
detection of CDI using IA tests or EIAs, a two-step diagnostic
algorithm has been advocated recently (17). This approach in-
cludes a preliminary screening test and an additional test (e.g.,
culture or nucleic acid amplification assay) for confirmation.
The strength of this combined practice is a high negative pre-
dictive value in areas with low CDI prevalence (17). With the

increasing frequency of cases of CDI in many countries, how-
ever, this approach may lack sufficient sensitivity and increase
the workload of laboratory personnel.

The direct molecular detection of genes encoding C. difficile
toxin A and/or toxin B has become a diagnostic target of interest
(18–20). Molecular assays are more sensitive than IA tests or EIAs
and in some studies are even more sensitive than cytotoxigenic
cultures or cytotoxin assays (21, 22). Some of these methods have
been commercialized and made suitable for use in clinical micro-
biological laboratories (14, 23–27). The main advantage of molec-
ular assays, in addition to their high sensitivity and specificity, is
the short turnaround time, compared with cytotoxigenic cultures
or cytotoxin assays. Moreover, sensitive, rapid, and well-perform-
ing molecular tests are cost-effective, decreasing the need for re-
testing and reducing unnecessary treatment and isolation of pa-
tients (28, 29).

In this study, we investigated the performance of a new PCR
assay, the GenomEra C. difficile assay (Abacus Diagnostica, Turku,
Finland), for direct detection of toxigenic C. difficile in fecal spec-
imens. The GenomEra C. difficile assay is a CE-marked diagnostic
nucleic acid test for the qualitative detection of toxigenic C. diffi-
cile in stool samples. It detects the toxin B gene (tcdB) using rapid
thermal cycling and homogeneous time-resolved fluorescence de-
tection technology, which has proved to be resistant to aqueous
quenching and other background effects (30). The GenomEra
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CDX instrument has shown excellent performance in previous
studies with other pathogenic organisms (31–33).

(These results were presented in part at the 23rd European
Congress of Clinical Microbiology and Infectious Diseases, 27 to
30 April 2013, Berlin, Germany [34].)

MATERIALS AND METHODS
Clinical and culture collection samples. This study was conducted at the
clinical microbiology laboratory of Vaasa Central Hospital, where ap-
proximately 2,200 fecal specimens are screened for CDI each year. Of
these specimens, approximately 20% are positive with the routinely used
toxigenic culture method. A total of 310 loose stool specimens (one per
patient) were collected prospectively from inpatients at Vaasa Central
Hospital during August and September 2012, according to routine hospi-
tal practice for antibiotic-associated diarrhea. The patients’ mean age was
72 years, with ages ranging from 7 to 95 years. Specimens were tested by
toxigenic culture immediately or were stored at 4°C and tested within 24 h
after being receiving in the laboratory. An aliquot was stored at �70°C for
later testing with the GenomEra C. difficile assay.

In addition, specimens from a deep-frozen collection (n � 33) of
known toxigenic and nontoxigenic C. difficile strains (n � 15) (Table 1) as
well as other clostridial and nonclostridial strains (n � 18) were analyzed
with the GenomEra C. difficile assay. Species identification of the culture
collection specimens had been performed by standard laboratory meth-
ods, e.g., API 20A and API 20E (bioMérieux, Marcy l’Etoile, France) and
RapID ANA (Thermo Fisher Scientific, Lenexa, KS) systems, when the
strains were first isolated. The PCR ribotyping of C. difficile isolates and
the definition of virulence genes had been performed in the Bacteriology
Unit of the National Institute for Health and Welfare (THL), as previously
described (35, 36). All strains were cultured on fastidious anaerobe agar
plates (Lab M Ltd., Heywood, Lancashire, United Kingdom) or chocolate
agar plates (Lab M Ltd.) at 35°C, under ambient or anaerobic conditions,
for 16 h (nonanaerobic isolates) or 48 h (anaerobic isolates) prior to
analysis with the GenomEra C. difficile assay.

Toxigenic culture. Toxigenic culture was performed by plating the
specimens on cycloserine-cefoxitin egg-yolk (CCEY) agar (Oxoid Lim-
ited, Basingstoke, Hampshire, United Kingdom), followed by a 48-h an-
aerobic incubation at 35°C. Presumed growth of C. difficile was confirmed
by Gram staining, UV light analysis, and IA testing (Wampole C.Diff Quik
Chek Complete; Techlab, Blacksburg, VA) targeting C. difficile-specific
glutamate dehydrogenase (GDH). The toxigenic nature of the suspected
isolate was confirmed by the aforementioned IA test (Wampole C.Diff
Quik Chek Complete), although detection of GDH and toxins A and B
from colonies is an “off-label” approach and is not approved by the man-
ufacturer.

Detection of toxigenic C. difficile by the GenomEra C. difficile PCR
assay. The GenomEra C. difficile assay was performed according to the
manufacturer’s instructions. Briefly, 1 �l of thawed stool was collected
with a sterile loop and diluted in a tube containing 1 ml of GenomEra
sample buffer (Abacus Diagnostica). Four hundred microliters of this

solution was then aliquoted into a second tube containing glass beads and
was vortex-mixed for 5 min. Finally, 35 �l of the sample solution was
transferred into the single-use disposable test chip, containing all PCR
reagents in dried form. The thermal cycling and homogeneous detection
were performed automatically in the GenomEra CDX instrument, and
results were reported within 50 min.

Analytical sensitivity was estimated by preparing 10-fold dilutions of
freshly cultured, known toxigenic C. difficile isolates (PCR ribotypes 001,
002, 027, and 078) in sample tubes containing 0.9% NaCl. Each prepara-
tion was then diluted 50-fold into the GenomEra sample buffer and mixed
with glass beads prior to analysis. PCR runs were performed in duplicate,
and colony counts from each analyzed dilution were determined by du-
plicate plating onto fastidious anaerobe agar plates (Lab M Ltd., United
Kingdom).

Analysis of discrepant results. In cases with discrepant toxigenic cul-
ture and GenomEra C. difficile PCR assay results, specimens were sent to
the bacteriology unit of the National Institute for Health and Welfare for
confirmation with the GeneXpert C. difficile PCR assay (Cepheid). Two
similar results from the total of three methods (toxigenic culture and two
different PCR tests) were used to determine the positivity/negativity of the
sample, partly based on the assumption that the detection sensitivity of
the molecular methods may exceed that of toxigenic culture (22).

Analysis by the GeneXpert system was performed according to the
manufacturer’s instructions. Briefly, the tip of a sterile swab was im-
mersed in unformed stool and inserted into a sample reagent tube. The
stem of the swab was snapped. The tube was closed and vortex mixed for
10 s, and the liquid was transferred to a sample cartridge containing all
PCR reagents. The cartridge was inserted into the GeneXpert module, and
the analysis was performed automatically using GeneXpert software.

RESULTS
PCR performance characteristics. The hands-on times for the
GenomEra C. difficile assay were approximately 3 min for one
sample and 5 min for four samples (the capacity of the instru-
ment). The assay run-time was 50 min. Thus, the total turnaround
time for one to four samples was less than 1 hour. Test results for
tcdB are reported by the GenomEra software in numerical form,
from �15 (negative) to �100 (strongly positive), with a written
conclusion of “C. difficile tcdB negative,” “borderline,” or “posi-
tive.” The zone for inconclusive borderline results is �5 to �5.
The estimated analytical sensitivity for intact C. difficile cells was 5
CFU per PCR, as the minimal detectable amount of viable cells in
the mimicked stool samples varied from 1.40 � 102 to 1.50 � 102

cells/�l for each ribotype analyzed. However, this was only pre-
sumptively assessed, as a limited number of replicates were used in
this study.

Analysis of clinical specimens and culture collection isolates.
A total of 310 stool specimens were included. Of these, 80 (25.8%)
were tcdB-positive with the GenomEra C. difficile assay (Table 2).
However, toxin-producing C. difficile was isolated from 77 speci-
mens (25.2%) in culture. Two of the three GenomEra-positive but
culture-negative stool specimens were confirmed to be tcdB-pos-
itive with the reference PCR assay, the GeneXpert C. difficile assay,
while one was positive only with the GenomEra assay. Addition-
ally, one specimen was toxin-positive by culture and initially
yielded an inconclusive borderline C. difficile tcdB result (tcdB
score, �4) with the GenomEra assay but after retesting gave a
negative test result (tcdB score, �15). Unfortunately, this speci-
men was accidentally discarded before being tested with the Gene-
Xpert system.

The results indicated sensitivity and specificity values of 98.8%
and 99.6%, respectively, when the GenomEra C. difficile assay was

TABLE 1 Characteristics of deep-frozen Clostridium difficile strain
collection specimens (n � 15) analyzed using the GenomEra C. difficile
assay

C. difficile ribotypes Virulence genes

GenomEra
C. difficile
assay result
(tcdB)

001, 002, 005, 011, 012, 014,
017, 018, 020, 056

tcdA, tcdB �

023, 027, 045, 078 tcdA, tcdB, cdtB, deletion
in tcdC

�

033 cdtB, deletion in tcdC �
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performed directly from fecal specimens. The 95% confidence
interval for sensitivity was 96.4 to 100.0%, and that for specificity
was 98.8 to 100.0%. Positive and negative predictive values were
98.8% and 99.6%, respectively. No false-positive or false-negative
test results were observed from the culture collection using the
GenomEra C. difficile assay, as all tcdB-containing C. difficile iso-
lates were detected as toxin-positive (Table 1). Furthermore, the
C. difficile isolate not carrying the tcdB and tcdA genes, other clos-
tridial species (Clostridium bifermentans, Clostridium butyricum,
Clostridium cadaveris, Clostridium clostridioforme, Clostridium
histolyticum, Clostridium innocuum, Clostridium novyi, Clostrid-
ium perfringens, Clostridium ramosum, Clostridium septicum, Clos-
tridium sporogenes, and Clostridium tertium), and nonclostridial
isolates (Bacteroides fragilis, Enterobacter cloacae, Enterococcus
faecalis, Enterococcus faecium, Escherichia coli, Klebsiella pneumo-
nia, Klebsiella oxytoca, and Staphylococcus epidermidis) all gave
negative tcdB results with this new PCR assay.

DISCUSSION

Due to the increased incidence and severity of toxin-producing C.
difficile infections (37), CDI surveillance and prevention in hospi-
tals and other health care facilities should be effective and readily
available. The early accurate identification of toxigenic C. difficile
helps to direct resources and measures to appropriate targets. The
development of nucleic acid amplification assays has recently en-
abled significant improvements in the detection of toxigenic C.
difficile isolates in fecal specimens (14, 19, 23, 24, 27, 36). Some of
these methods, however, involve multiple manual or automated
sample preparation steps, rendering the tests laborious and/or
time-consuming.

Here we evaluated a new homogeneous PCR assay, the Genom-
Era C. difficile assay, for rapid reliable detection of toxigenic C.
difficile in stool samples with minimal hands-on time. This new
PCR assay detects the tcdB gene alone, which has proved to be a
slightly better target than tcdA for screening for CDI (5, 38). The
clinical sensitivity of the GenomEra C. difficile assay proved to be
high (98.8%); only one inconclusive borderline result, with a neg-
ative result upon repeat testing, was observed among the culture-
positive stool samples. The one false-negative result obtained with
the GenomEra C. difficile assay may be the consequence of freezing
and thawing of that particular fecal specimen prior to PCR anal-
ysis, as only scarce growth of toxin-positive C. difficile was ob-
served in the primary culture and the specimen was C. difficile-
negative in a reculture performed at the time of the GenomEra
analysis. Furthermore, the GenomEra C. difficile assay detected

two positive specimens that were confirmed as positive with an-
other PCR assay and hence showed supposedly false-negative re-
sults in toxigenic cultures. The specificity of the GenomEra C.
difficile assay was high (99.6%), with only one false-positive result
(toxigenic culture- and GeneXpert-negative). No false-positives
were observed for the culture collection isolates.

Laboratories of any size can easily adopt the GenomEra CDX
instrument. The capacity of the assay is adequate for laboratories
performing up to approximately 8,000 (Monday through Friday)
to 11,000 (every day) C. difficile analyses per year (32 sample anal-
yses could be performed within one 8-h workday). In laboratories
with smaller numbers of C. difficile samples per year, the capacity
of the instrument may be used to test for additional microbiolog-
ical targets, in order to take full advantage of this molecular equip-
ment. Using a method that permits the detection of other signifi-
cant pathogens as well saves investment costs and training
expenses for laboratory personnel. Other tests currently available
for the GenomEra platform include tests for the detection of
Staphylococcus aureus and a marker of methicillin resistance in
blood culture, plate culture, and swab samples (31, 32).

Nucleic acid amplification assays are an interesting alternative
for the detection of toxigenic C. difficile, being more sensitive than
IA tests and EIAs and significantly faster than the standard meth-
ods (24, 36, 39). However, the suitability of these assays alone for
the detection of CDI is under debate. Knowing that the asymp-
tomatic carriage of toxigenic C. difficile among children (40, 41)
and elderly inpatients, as well as patients in extended-care facilities
(i.e., nursing homes) (42, 43), can be common and taking into
account the fact that molecular assays detect only toxin genes and
not the actual presence of toxins in the intestine, it has been as-
sumed that molecular assays are not able to discriminate between
CDI and asymptomatic colonization (44). However, Humphries
et al. recently demonstrated that a toxin EIA performed poorly in
comparison with a molecular assay (39). The presence of fecal
toxin measured by the EIA did not correlate with the severity of
CDI, and direct screening for CDI with the molecular assay
proved to be superior to the EIA. We argue that attention should
be paid to the appropriate indications for specimen collection and
laboratory testing. For example, use of the Bristol stool chart
(chart specimen types 5 to 7) and specific diagnostic criteria (45)
would decrease the risk of unnecessary sampling and “false-posi-
tive” detection of asymptomatic C. difficile carriage by molecular
methods. In cases of unexplained diarrhea, other microbial patho-
gens also should be considered, and sufficient precise clinical in-
formation should be provided to the laboratory (21). If a positive
result for toxigenic C. difficile is obtained for a stool sample, then
experts in clinical microbiology should inform the clinicians and
discuss if additional tests, such as toxin detection by EIA or cul-
ture, are needed.

Cost estimations were not performed in this study, as various
diagnostic methods should have been included for reliable com-
parison. In recently published studies in which such calculations
were performed, the full benefits of molecular assays or IA tests/
EIAs used alone or in two-step algorithms were not comprehen-
sively assessed (15, 16, 24). In the studies by Walkty et al. and
Culbreath et al., a GDH/EIA two-step algorithm was found to be
the most economical approach to screening for CDI, but only the
costs of reagents and consumables were taken into account (15,
16). In contrast, in the study by Chapin et al., greater savings were
actually attained with direct molecular screening, compared with

TABLE 2 Toxigenic Clostridium difficile screening results for 310 fecal
specimens using the GenomEra C. difficile PCR assay and toxigenic
culture

GenomEra C. difficile
assay result

No. with toxigenic culture result of:

Negative Positive

Negative 229 1b

Positive 3a 77
a Two of the three specimens with positive GenomEra C. difficile assay results but
negative toxigenic culture results were confirmed as positive with the GeneXpert C.
difficile PCR assay (Cepheid).
b One specimen was culture positive but gave an inconclusive borderline result with the
GenomEra assay and a negative result after retesting. This specimen was not tested with
the GeneXpert assay.
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both the IA test and the GDH/EIA two-step algorithm, because of
enhanced performance in CDI detection overall (24). Also in our
study, significant overall improvements in the detection of toxi-
genic C. difficile were achieved with a molecular assay. In addition
to the high sensitivity and specificity, the GenomEra C. difficile
assay provided results within 1 hour, whereas toxigenic culture
required at least 2 days for complete results. The workload of
laboratory personnel also was decreased with the GenomEra as-
say, as only 5 min of sample handling was required for four sam-
ples, compared with 20 to 40 min of hands-on time for toxigenic
culture.

In conclusion, the GenomEra C. difficile assay proved to be an
excellent option for screening for toxigenic C. difficile in fecal
specimens, offering excellent clinical sensitivity and specificity.
The short hands-on time and minimal total turnaround time are
advantages over some other molecular assays on the market (14,
23, 25–27). Furthermore, the user-friendly application and small
space requirements make this small-scale system ideal, especially
for small and medium-sized laboratories that lack room for larger
PCR systems. A rapid PCR method enables the improvement of
patient outcomes for CDI, provided that the overall process is
optimized with appropriate sample selection, collection, and
transportation and prompt reporting of the results to physicians.
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